Background: The purpose of this case series was to retrospectively compare radiological, clinical and functional outcomes and complications of diagnostic arthroscopy with open Latarjet procedures pre-and postoperatively within one year after surgery. Additionally we compared the pathologic findings during diagnostic arthroscopy with the radiological findings in preoperative contrast enhanced CT or MRI scans. Methods: Between 07/2009 and 11/2013 46 cases with unidirectional antero-inferior shoulder instability were enrolled, 4 cases were lost during the follow-up within one year postoperatively. Plain radiographs, contrast enhanced multislice studies, Instability Severity Index, Constant, Duplay and Rowe Scores were obtained preoperatively. Diagnostic arthroscopy was performed in all cases prior to open Latarjet procedure. At one year follow-up Constant, Duplay and Rowe Scores were obtained; position and consolidation of the coracoid transfer were assessed by conventional x-ray studies. Results: At one year follow-up a significant improvement of all scores was recorded (Constant Score 95.8 vs. 86.7; Duplay Score 93.7 vs. 25.2, Rowe Score 98.1 vs. 31.7, (p < 0.001)). During arthroscopy 28 of 42 HillSachs-lesions were considered as engaging. 8 HAGL (humeral avulsions of the gleno-humeral ligaments) and 4 IGHL (inferior gleno-humeral ligaments) lesions were detected of which none were suggested during the preoperative radiological investigation. Complications observed were: screw migration (5), hematoma (1), infection (1) and recurrence (1). Conclusion: The Latarjet procedure is a reliable technique with very good clinical outcomes. Diagnostic arthroscopy is a valuable tool to detect HAGL-and IGHL-lesions and to visualize the engaging potential of Hill-Sachs-lesions. An additional arthroscopy may help to indicate a Latarjet procedure and to address concomitant pathologies. Level of evidence: Level IV, case series.
Introduction
Shoulder stabilization surgery for antero-inferior shoulder instability has advanced in the last three decades with further developments in arthroscopy methods and suture anchors to address shoulder instability [1] [2] [3] . Different shoulder stabilization techniques can be categorized in anatomical or nonanatomical reconstruction, soft tissue or bony reconstruction and open or arthroscopic approaches. One common option consists of soft-tissue repair using open or arthroscopic capsulolabral repair (Bankart-repair) with the aim to reconstruct native anatomy to ensure sufficient stability of the shoulder, thus relying on soft tissue quality and sufficient anterior glenoid bone stock [4] [5] [6] .
However unsatisfactory outcomes have been described regarding the Bankartrepair in presence of miscellaneous pathologies associated with shoulder instability, including humeral avulsions of the gleno-humeral ligaments (HAGL-lesion) [7] [8], lesions of the inferior gleno-humeral ligaments (IGHL-lesion), bony glenoid defects/osseous Bankart-lesions and engaging Hill-Sachs-lesions [2] [9] .
In these aforementioned situations or previous failed Bankart-repair the Latarjet procedure, the transfer of the coracoid with the attached conjoined tendon to the anterior glenoid rim, has been described as useful alternative technique for anterior shoulder stabilization [1] [10] [11] [12] . Notably, also the Latarjet procedure improved since its first description in 1954 [13] . The stability of the shoulder after Latarjet procedure is supported by several factors. The transferred coracoid graft reconstructs the anterior glenoid rim in bone deficient cases and prevents an engaging of a Hill-Sachs-lesion at the antero-inferior glenoid rim through an increased articular glenoid surface [2] [3] [14] . In addition the also transferred conjoined tendon acts in combination with the lowered part of the subscapularis-split as a dynamic reinforcement of the antero-inferior joint section in abduction and external rotation. The Latarjet-procedure biomechanically supports both ligamentous and osseous insufficiencies and is therefore indicated for treatment of both conditions [15] . The development of the Instability Severity Index Score (ISI-Score) [16] aimed at selection of patients with anterior shoulder instability who would benefit from surgery. Furthermore, the use of multi-slice radiological investigations offers a 3 dimensional view and detailed structural information to help select patients who will benefit from surgery. However, despite technical improvements certain pathologies such as HAGL-lesions, IGHLlesions or the significance of an engaging Hill-Sachs-lesion may be underestimated in CT and MRI investigations, as these are static and not dynamic inves- 
Material and Methods

Patients
Between The local ethics committee approved this study (Req-2017-00412). All patients signed informed consents for the operative treatment, possible supplement surgery in case of unanticipated pathologies or conversion to an appropriate technique referring to the intraoperatively found pathologies and all follow-up investigations. Clinical examinations and plain radiological studies were evaluated and compared pre-operatively and at follow-up. Patients receiving other stabilization procedures were not included in this study. 2007 , who developed and is using this system in an arthroscopic technique [3] .
Operative Procedure
In particular, attention is given to place the coracoid graft flush with the glenoid surface and to place the implanted screws at least 7mm from the glenoid margin to result in the desired graft placement and to avoid lateral overhang of the graft [19] . All operations were performed by senior surgeons, 33 of 42 operations by the senior author, 9 by the third author.
Rehabilitation
All patients were immobilized postoperatively in a sling for 7 days. On the first postoperative day physiotherapy was initiated with active hand and elbow movement and passive shoulder pendulum without strain. From the 2 nd until the 
Clinical and Radiological Evaluation
All patient's medical history of dislocations, beginning of shoulder instability and the Instability Severity Index Score (ISI-Score) [16] were recorded preopera- 
Statistical Analysis
Statistical analysis in this study was performed using the paired t test under supervision of an epidemiologist at the Centre of Aging and Mobility at the University of Zurich. All results are presented as means with standard deviations, with ranges in parentheses. A double-sided P < 0.05 was considered statistically significant.
Results
Preoperative Evaluation and Intraoperative Findings
Between shoulders with antero-inferior instability. Of those 5 were female and 36 patients were male. The mean age was 30.3 ± 9.9 (range 17 -52 years). Affected were 14 right and 28 left shoulders, one patient had bilateral antero-inferior shoulder instability (Table 1) . On average the patients reported 3.1 (range 1 -10) dislocations in their history and 10 patients received previous surgery (7 Bankart-repairs, 2 with Re-Bankart-repairs, 1 with Re-Bankart-repair and EdenHybinette). with the arthroscope confirmed that the Hill-Sachs-lesion was located parallel to the anterior glenoid and the Hill-Sachs-lesion engaged the corner of the glenoid in a functional position e.g. abduction and external rotation as mentioned above [2] . Additional 8 HAGL (19.0%) and 4 IGHL (9.5%) lesions were detected from which none were suggested in the preoperative radiologic investigation. In addition 11 (26.2%) bony Bankart-lesions or chronic glenoid bone deficiencies were visualized, one with a glenoid bone deficiency of 25%, the remaining 10 cases had a glenoid bone deficiency of 10% -15% and at least one other pathology indicating a Latarjet procedure (engaging Hill-Sachs-lesion, HAGL-, IGHL-lesion or revision surgery after failed Bankart-repair). In one case (2.4%) a reversed Bankart-lesion not diagnosed during the preoperative evaluation was surprisingly detected. This lesion was simultaneously treated arthroscopically with posterior labral repair using suture anchors and showed uneventfully for the further course. During arthroscopy 6 (14.3%) SLAP II lesions were identified and treated with tenodesis of the long head of the biceps tendon with suture anchors, 1 (2.4%) SLAP lesion was repaired arthroscopically with suture anchors. Only 4 of these 7 SLAP-lesions were found during the preoperative evaluation. Intraoperative 2 (4.8%) isolated Lafosse type II subscapularis-lesions were found, of which one was detected in the preoperative evaluation. Both were repaired arthroscopically [25] . After diagnostic arthroscopy an open Latarjet procedure was performed with at least one of the following pathologies present:
Engaging Hill-Sachs-lesion, HAGL-, IGHL-lesion, bony Bankart-lesion/glenoid bone deficiency (>25% of anterior-posterior glenoid diameter or <25% of anterior-posterior glenoid diameter plus other above named lesion), or revision surgery (Table 2) . Patients receiving revision surgery showed in 6 out of 10 (60%) cases a low-grade infection with Propionibacterium acnes and were treated with a double antibiotic therapy of Rifampicin plus Ciprofloxacin or Levofloxacin or Clindamycin orally for 3 months.
Clinical and Radiological Outcome
The mean follow-up time for the 42 cases in this series was 14.6 months ± 6.4 case series 55% of the patients had previous surgery, 73% showed associated intra-articular lesions (64% sustained a type II SLAP lesion) and 64% had engaging
Hill-Sachs-lesions. Arrigoni's study supports our results of a high incident of engaging Hill-Sachs-lesions and demonstrates the value of arthroscopy to address simultaneous shoulder lesions. Our study strengthens not only the already described usefulness of arthroscopy to address these concomitant lesions but may also contribute aid in decision finding for the proper stabilization procedure as above mentioned lesions like HAGL-or IGHL-lesions are often overlooked when not particularly seeked for [7] [8]. Our intraoperative diagnostic findings also support the findings of a biomechanical cadaver study of the IGHL published by Bigliani et al. [35] in 1991, where lesions of the IGHL were detected in 40% at the glenoid insertion, 35% in the ligament midsubstance and 25% at the humeral insertions site.
Clinical and Radiological Outcome in Comparison to Literature
At follow-up the collected Constant, Duplay and Rowe Scores all showed a significant (p < 0.001) improvement. Unfortunately, a direct comparison to other studies is limited due to the heterogenic follow-up and the use of different scoring methods (Table 5) . Burkhart et al. [36] reported in 2007 a case series of 102
Latarjet procedure of whom 47 patients were available for postoperative examination at a mean follow-up of 59 months. In Burkhart's study the patients underwent diagnostic arthroscopy to quantify glenoid bone loss and to identify and address concomitant pathologies arthroscopically. In case of a glenoid bone loss of >25% or a concomitant engaging Hill-Sachs-lesion, Burkhart proceeded to an open Latarjet procedure as these were considered indications for a Latarjet Procedure. At follow-up a mean Constant Score of 94.4 and a mean Duplay Score of 91.7 could be shown. Complications noted were 2 hematomas and a recurrence rate of 4%. Radiological signs of 2 screw loosenings and 1 fibrous union were described. Schmid et al. [11] years (171 months) were published by Allain et al. [38] Table 5 shows the results of our study in comparison to these aforementioned studies. In our series especially no neurological complications were noted in the postoperative course and follow-up. One patient suffered from pre-existing brachial plexus and axillary nerve damage due to cervical spine injury and cervical disc prolapse without association with the performed shoulder surgery. Allain et al. showed that a high rate of lysis of the coracoid graft is not related to a high recurrence rate as he reported 10 cases of partial coracoid lysis and no recurrence in his long-term study. Our results support that finding as the radiological detected lysis of the coracoid had no influence on clinical outcome in our series, which also supports that the sling effect of the conjoint tendon crossing the subscapularis seems to have a significant effect on the stability of the shoulder in external rotation in 90° abduction. We, as Allain and Burkhart as well, did not augment the anterior capsule with the stump of the coraco-acromion ligament [36] 
Strength and Limitations
Compared to the aforementioned studies [11] [36] [37] [38] our case series includes similar quantity of controlled patients and indicates comparable results relating to recurrence and subluxation rate. Moreover we report significant improvements of the 3 measured scores (Constant, Duplay, Rowe) with a low complication rate. One limitation of our study is the short follow-up compared to the studies of Burkhart [36] , Schmid [11] and Allain [38] . Possible development of osteoarthritis despite perfect placement of the coracoid graft is described by Allain et al. and is not regularly monitored beyond our follow-up. Therefore the later development of osteoarthritis cannot be ruled out despite our promising short-term results. In the compared studies the majority of recurrence occurred within 12 months, but also recurrences later on in follow-up have been reported 
Conclusion
Progress in arthroscopic skills lead to technical notes and reports of arthroscopic Latarjet-procedure that allowed an all-arthroscopic approach in treatment of anterior shoulder instability [3] [14] [40] . However despite high number of cases these reports lack long-term results. Moreover the arthroscopic approach to the Latarjet procedure and to this complex pathology can be demanding and complications due to the proximity of the axillar and musculocutaneous nerve and the brachial plexus to the coracoid can be severe and hazardous. Therefore the arthroscopic Latarjet procedure will be reserved for all but the most experienced and able arthroscopic surgeons in high volume centers. Another reason to still perform mini open Latarjet procedure is to teach young colleagues in open shoulder stabilizing surgery. This would not be possible in a low or medium volume center for the arthroscopic Latarjet procedure. The Latarjet procedure is a reliable technique with very good clinical outcomes and no neurological complication occurred in our series. Of interest lysis of the coracoid had no influence on clinical outcome in our series. Diagnostic arthroscopy is a valuable tool to detect HAGL and IGHL lesions and to visualize the engaging potential of Hill-Sachs-lesions. An additional arthroscopy may help to indicate a Latarjet procedure, despite missing indications in multislice examinations or in ISI-Score.
